We have investigated the removal of poly vinyl phenol (PVP) into which was B, P and As ions implanted with a dose of 5×10 13~5 ×10 15 atoms/cm 2 at 70keV, using wet ozone. Also, we investigated the thickness of altered layer of ion-implanted PVP using Secondary Ion Mass Spectrometry (SIMS). We investigated the chemical reactivity of wet ozone and ion-implanted PVP by FT-IR. The removability of ion-implanted PVP using wet ozone decreased with increasing dose because the degrees of alteration of benzene ring and O-H group increase with increasing dose. From the results of SIMS, the thickness of altered layer of B-ion-implanted PVP was 387nm, that of P-ion-implanted PVP was 232nm, and that of As-ion-implanted PVP was 142nm. However, the degree of alteration should increase in order of B, P and As, because any samples were implanted at same acceleration energy (70keV). FT-IR indicated that benzene ring content percentage was almost same at removed and not removed. On the other hand, in O-H group, there is a clear difference at removed and not removed, O-H group content percentage decreased drastically at implanted PVP with a dose of 5×10 14 atoms/cm 2 over. Therefore, the removability of ion-implanted PVP using wet ozone depends on O-H group content than that of benzene ring.
Introduction
In semiconductor manufacturing, there is an ion implantation process in which 13 and 15 group elements are implanted to a substrate. In this process, the resist plays the role of a mask, and ions are implanted to the resist also. It is difficult to remove the ion-implanted resist because the resist hardened, and is denatured by the implanted ions [1] [2] [3] .
Resist removal from substrates in a semiconductor manufacturing process conventionally makes use of oxygen plasma and/or sulfuric acid hydrogen peroxide mixture (SPM). This environmentally unfriendly chemicals is used in large amounts and so causes environmental damage [4, 5] .
As method of not using those chemicals, ozone with high oxidation potential is expected to remove the resist and organic residue. However, the resist cannot be removed using ozone alone at room temperature. The dry process using ozone requires temperatures higher than 250℃ in order to generate oxygen radicals from the ozone by thermal decomposition. From this reason, the process using ozone may oxidize substrates and metal wiring [6, 7] .
Therefore, we proposed a photoresist removal method using the low-temperature wet ozone environmental friendly. In the photoresist removal by wet ozone process, ozone gas mixed with a little water was irradiated to the resist. The photoresist is decomposed to a carboxylic acid by the ozone and the condensed water, and is removed from substrate [8, 9] . Wet ozone can remove photoresist at the temperature of below 100℃ because this method need not to generate oxygen radicals. Also, miniaturization of patterns is important problem in current semiconductor manufacturing process. The resist resolution is enhanced by shortening of the exposure wave length. KrF excimer laser (248nm) and ArF excimer laser (193nm) are used in semiconductor manufacturing process. But, benzene ring in novolak resin of the base polymer of resist for g/i-ray (436nm/365nm) absorbs the light of nearly 240nm. Therefore, it is impossible to expose by the lights of 248nm and 193nm. From this reason, polyvinyl phenol (PVP) is used as the base polymer for KrF resist (Figure 1 ), and Polymenthyl methacrylate (PMMA) is used as the base polymer for ArF resist. We investigated the removal of ion implanted PVP using wet ozone. We investigated the chemical reactivity of wet ozone and ion-implanted PVP by Secondary Ion Mass Spectrometry (SIMS) and Fourier Transform Infrared Spectroscopy (FT-IR). Fig. 1 Chemical structure of the base polymer used for KrF excimer laser.
Experimental

Preparation of ion-implanted PVP
We used a PVP (M w =8000)/Ethyl lactate solution. This solution was spin-coated onto a 3 inch Si wafer using a spin coater at 2000 rpm for 20 s, and was prebaked at 100 ℃ for 1 min on a hotplate. The film thickness of polymer film was measured using a stylus-type surface profile instrument (DekTak 6M; ULVAC), and initial film thickness was approximately 0.5μm. After prebaking, B, P and As ions were implanted at a dose of 5×10 13~5 ×10 15 atoms/cm 2 at 70keV.
2.2. Removal of ion-implanted PVP using wet ozone Figure 2 presents a diagram of the experiment apparatus for wet ozone. Ozone/oxygen gas mixed with a little water (wet ozone) was generated by bubbling ozone gas through hot water. Also, a little water condenses on the resist due to the difference in temperature (T=T 1 -T 2 ) between wet ozone (T 1 ) and the Si wafer (T 2 ). The amount of water condensed on the resist is controlled by adjusting this temperature difference [10, 11] . Figure 3 presents the chemical reaction of carbon-carbon double bonds (C=C double bonds) with ozone and the hydrolysis of ozonide. In resist removal using wet ozone, the C=C double bond in the benzene ring of the resist reacts with the ozone, and ozonide is generated. Ozonide is hydrolyzed and generates carboxylic acid [12] . Finally, the carboxylic acid is washed down from the Si wafer by pure water (rinse).
Three processes (wet-ozone irradiation, pure-water washing, and drying) were repeated in each cycle of the removal using wet ozone. The removal rate was calculated by dividing the initial polymer thickness by the wet ozone irradiation time for which the polymer was completely removed. The cycle consisted of 10s at 2000rpm for wet-ozone irradiation, 5s at 2000rpm for pure-water washing, and 20s at 1000rpm for drying. The ozone gas concentration was 230 g/Nm 3 (10.7vol %), and flow rate was 12.5slm. The wet ozone temperature was T 1 =70℃, and the Si wafer temperature was T 2 =60℃.
Measurement of the altered layer thickness of ion-implanted PVP by SIMS
We investigated the thickness of altered layer of ion-implanted PVP using Secondary Ion Mass Spectrometry (SIMS) with Ar cluster ion beam [13] . We analyzed the depth profile of the composition. We calculated PVP depth by dose of ion and etching rate. The etching rate was calculated by ion-implanted PVP thickness and ion counts which need to etch PVP completely. Ar cluster ion beam of 13 keV was used for etching. We used ion-implanted PVP, in which each ions (B, P, As) were implanted at a dose of 5×10 14 atoms/cm 2 , and 70keV. FT-IR measurement was carried out by displaced with nitrogen gas, and measured by Attenuated Total Reflectance (ATR) method. In this study, we estimated O-H group content percentage based on non-implanted PVP by the peak intensity of 3400cm -1 , and benzene ring content percentage estimated by the peak intensity of 1600 cm -1 .
Results and Discussions
3.1. Removal of ion-implanted PVP using wet ozone Figure 4 presents the removal of ion-implanted PVP using wet ozone. The removal of B-ion-implanted resists became difficult with increasing implanted doses, and ion-implanted PVP could not be removed with a dose of 5×10 15 In the case of different ion species, B-ion-implanted PVP were removed easily than P and As ion-implanted PVP. B ions were implanted deeper than P and As ions, as determined from the results of SRIM 2008 [14] . Therefore, the ion density of the B-ion-implanted PVP was lower than that of P and As ion-implanted PVP at the same dose. Figure 5 indicates SIMS spectra of non-implanted PVP. From this result, we observed own peaks at mass number of 106, 120 and 226. We investigated the altered layer of ion-implanted PVP by these mass numbers. Also, the part of observed the mass number of 40 (Ar) is Si substrate. non-implanted PVP Figure 6 presents the depth profile of mass numbers of 106, 120 and 226 at each ion species. Ion counts were normalized with total ion counts. From these results, the thickness of altered layer of ion -implanted PVP decreased with increasing ion mass number. The thickness of altered layer of B-ion implanted PVP was 387nm, and that of P-ion-implanted non-implanted As-5E13 As-5E14 As-5E15
Measurement of the altered layer thickness of ion-implanted PVP by SIMS
(c) As-ion-implanted PVP Fig. 6 Depth profiles of mass number of 106, 120 and 226 at each ion-implanted PVP.
Wet ozone irradiation time [s] (c) As-ion-implanted PVP PVP was 232 nm, and that of As-ion-implanted PVP was 142nm. It is considered that the larger ion implanted shallower than smaller ion. Fig. 4 Removal of ion-implanted PVP using wet ozone. From these results, at any samples, the content percentages of O-H group and benzene ring decreased with increasing dose. In ion species, degree of alteration should increase with increasing ion mass number.
Benzene ring content percentages were almost same at removed and not removed. On the other hand, in O-H group, there is a clear difference at removed and not removed, O-H group content percentage decreased drastically at implanted PVP with a dose of 5×10 14 atoms/cm 2 over. Therefore, the removability of ion-implanted PVP using wet ozone depends on O-H group content than that of benzene ring. It is calculated that the activation energy of the reaction of ozone and phenol (with O-H group) is 39.7kJ/mol, and that of the reaction of ozone and benzene (without O-H group) is 66.0kJ/mol [15] . Phenol reacts easily with ozone than benzene. Therefore, the removal of ion-implanted PVP using wet ozone should become difficult by decreasing O-H group content in ion-implanted PVP.
Conclusion
We investigated the removal of ion-implanted PVP (B, P, As implanted with a dose of 5×10 13~5 ×10 15 atoms/cm 2 at the acceleration energy of 70keV) using wet ozone. 1) The removability of ion-implanted PVP using wet ozone decreased with increasing dose because the degrees of alteration of benzene ring and O-H group increase with increasing dose. In ion species, the removability of ion-implanted PVP decreased with increasing ion mass number. 2) SIMS indicated that the thickness of altered layer of ion-implanted PVP decreased in order of B, P and As. However, the degree of alteration should increase in order of B, P and As because any samples were implanted at same acceleration energy. 3) FT-IR indicated that benzene ring content percentage was same at removed and not removed. On the other hand, in O-H group, there is a clear difference at removed and not removed. Therefore, the removability of ion-implanted PVP using wet ozone depends on O-H group content than that of benzene ring. 
